or more of the following co-morbidities: diabetes mellitus (DM), ischaemic heart disease (IHD), congestive heart failure (CHF), peripheral vascular disease (PVD), cerebrovascular disease (CVD) and malignancy. Evaluating the prevalence of these conditions is considered important as the presence of comorbidities in patients receiving RRT may indicate increased patient frailty [1] , lower physical inactivity [2] , higher mortality [3, 4] , altered RRT modality choice [less peritoneal dialysis (PD)] [5, 6] and reduced access to renal transplantation [7] .
Whilst we know that the age of the incident RRT population in Europe has increased considerably over the last three or four decades, and the distribution of primary renal diseases (PRDs) has changed [8, 9] , little is known about changes in the prevalence of co-morbidities in patients initiating RRT. Moreover, the most recent report on the prevalence of co-morbidities in patients starting RRT in Europe was published in 2005 [7] .
Therefore, the aims of our study were: (i) to present the prevalence of co-morbidities in patients who started RRT in Europe in 2014, and (ii) to examine trends over time in the prevalence of co-morbidities in this population over the 10-year period between 2005 and 2014.
M A T E R I A L S A N D M E T H O D S

Study population
Patients aged 20 years or older who initiated chronic RRT between 1 January 2005 and 31 December 2014 from all 11 national (Austria, Denmark, Finland, Iceland, Norway, Sweden) or regional renal registries (Dutch-and French-speaking Belgium, Spanish regions of Aragon, Catalonia and Galicia) providing co-morbidity data to the European Renal Association -European Dialysis and Transplantation Association (ERA-EDTA) Registry were included in this study. The national and regional renal registries had full coverage (100%) of the general population in the participating countries and regions.
Definitions
This study focused on the following six co-morbidities: DM, IHD, CHF, PVD, CVD and malignancy. For diabetic patients starting RRT, DM could be the PRD or a co-morbidity. The possible combinations are displayed below:
However, patients with DM as PRD were in some registries also recorded as having DM as co-morbidity (a), whereas in other registries DM was not recorded as co-morbidity (b).
To enable comparisons between registries we composed the following subcategories for DM:
• DM recorded as PRD or as a co-morbidity in addition to another PRD, further referred to as DM (PRD and/or comorbidity), which is the sum of (a), (b) and (c);
• DM recorded as co-morbidity only, including only patients with a PRD other than DM (c); and • DM recorded as PRD, independent of whether DM was recorded as co-morbidity or not (a þ b).
Definitions of each of the co-morbid conditions are given in Appendix 1. Missing data on a co-morbidity was treated as a separate category, and these patients were not included in analyses considering patients with (or without) a particular co-morbidity. Data on CHF were not collected by Spain (Catalonia) and Sweden. The prevalence of the individual co-morbidities was calculated as the percentage of patients with the co-morbidity at the onset of RRT. PRDs were defined according to both the old and new (2012) ERA-EDTA coding systems and subsequently classified into eight groups [10] .
Statistical analysis
Prevalence of co-morbidities in 2014. To explore differences in patient characteristics such as age, sex, PRD and treatment modality between patients with and without co-morbidities, we used conventional descriptive statistics. These analyses were based on patients commencing RRT in 2014 from all 11 national and regional registries. For this year we also analysed which combinations of co-morbidities occurred most frequently.
Trends over time. We examined 10-year trends in the prevalence of the co-morbidities using data from patients who started RRT between 2005 and 2014 from the four registries that provided co-morbidity data for this entire period: i.e. Catalonia, Denmark, Norway and Sweden. Data on the prevalence of CHF was only provided by Denmark and was therefore not included in the 10-year trend analysis. Additional analyses of 5-year trends (2010-14) were performed using data from 10 registries, i.e. all participating registries except Aragon. The 5-year trends for CHF included data from seven registries: Austria, Belgium (Dutch-and French-speaking), Denmark, Finland, Iceland and Spain (Galicia). Additionally, 5-year trends were also examined including only data from those four registries that were used for the 10-year trends, and these results were compared with the 5-year trends using data from all registries. For these trend analyses percentages were standardized to the age and sex distribution of the total group of incident patients. Trends were examined for the total group of patients, and for subgroups based on age (i.e. 20-64, !65 years), sex and treatment modality at Day 91. The slope of the trends, i.e. the annual percentage change (APC), was computed using Poisson regression as provided by the Joinpoint regression program 4.0.4. Details of this method have been described previously [11] . All analyses were performed using SAS software 9.4 or Joinpoint 4.0.4. A P < 0.05 was considered statistically significant.
R E S U L T S
Prevalence of co-morbidities in 2014
In 2014, a total of 7578 patients initiated RRT in 11 countries/regions in Europe. The prevalence of co-morbidities by country is shown in RRT patients had at least one co-morbidity. DM (PRD and/or co-morbidity) was the most frequent co-morbidity (39.5%), IHD was the second most prevalent co-morbidity (25 Patient characteristics of patients presenting with comorbidities at the start of RRT in 2014 Table 2 presents the baseline characteristics of the study population by co-morbidity. Among patients with co-morbidities, the median age ranged from 70.0 years in patients with DM (PRD and/or co-morbidity) to 74.8 years in those with CHF. For all co-morbidities, patients with the co-morbidity had a higher median age and a lower probability to start RRT on PD or kidney transplantation than those without the condition. In most co-morbidity groups except in patients with CHF or malignancy, the most frequent PRD was DM. Among patients with DM (co-morbidity only), hypertension/renal vascular disease was the most frequent PRD. Table 3 shows the prevalence of co-morbidities for patients initiating RRT in 2014, stratified by sex, age, PRD and treatment modality at Day 91. All co-morbidities were more common in men than in women. As expected, the prevalence of all co-morbidities increased with age at the onset of RRT, with the exception of DM (PRD and/or co-morbidity) and CVD, which were more prevalent among patients aged between 65 and 74 years than in the oldest subgroup (!75 years). Patients with glomerulonephritis and polycystic kidney disease as primary kidney disease had the lowest prevalence of co-morbidities. Malignancy was more common in patients with pyelonephritis and in patients with the PRD category miscellaneous than in other PRD categories. Subgroup analysis revealed that in the pyelonephritis category this was mainly due to a high prevalence of malignancy as co-morbidity among patients with acquired obstructive uropathy (41% had malignancy, n ¼ 156). In the category miscellaneous, the large proportion of patients with malignancy was caused by high percentages of malignancy among patients with myelomatosis/light chain deposit disease (82%, n ¼ 114), kidney tumour (87%, n ¼ 78) and traumatic or surgical loss of kidney (62%, n ¼ 42). Among patients on haemodialysis (HD) at Day 91 after the initiation of RRT, the Co-morbidities in patients starting RRT in Europe prevalence of all co-morbidities was higher than among patients on PD. As shown, DM (PRD and/or co-morbidity) was the most frequent condition in all subgroups. Among males, IHD was the second most common co-morbidity, whereas for females this was CHF.
As shown in Table 4 , 30.0% of the patients did not have any co-morbidity at the start of RRT. Among patients with only one co-morbidity DM was the most frequent condition (12.5%) and PVD the least frequent (1.9%). Moreover, the most frequent combinations of co-morbidities were DM plus IHD (3.5%), DM plus CHF (2.6%) and DM plus PVD (2.3%). All other combinations that occurred in at least 1% of the patients are listed in Table 4 .
Trends in the prevalence of co-morbidities
The 10-year trends in the percentages of co-morbidities among patients starting RRT between 2005 and 2014, based on data from Denmark, Norway, Spain (Catalonia) and Sweden, are presented in Figures 1-4 . Throughout this time period, the percentage of patients with DM (PRD and/or co-morbidity) increased [APC 1.6%; 95% confidence interval (CI) 1.0-2.1], which appears to result from an increase among patients older than 65 years of age. Also the percentage of patients with DM (co-morbidity only) significantly increased over time in the overall incident population (APC 4.3%; 95% CI 3.4-5.3) and in all subgroups. On the other hand, the percentage of patients with DM (PRD) only remained stable over time in the total group, while it decreased in patients aged 20-64 years at the start of RRT (APC À1.2%; 95% CI À2.3 to À 0.1) and increased in those older than 65 years of age at the onset of RRT (APC 1.7%; 95% CI 0.6-2.7). The percentage of patients with IHD at the start of RRT decreased over time (APC À1.7; 95% CI À2.5 to À 0.8), which was due to a decrease among females. The percentage of patients with PVD declined during the study period (APC À1.7; 95% CI À3.1 to À 0.4), as a result of a decrease among males and in the subgroup of patients aged 20-64 years. Overall, the percentage of patients with CVD at the initiation of RRT remained stable over time, even though a reduction in CVD was observed in males.
The percentage of patients with malignancy as co-morbidity at the onset of RRT increased between 2005 and 2014 (APC 2.0; 95% CI 1.0-2.5). This was due to an increase among patients older than 65 years of age.
For the group as a whole, the percentage of patients without co-morbidities at the start of RRT was stable during the study period, despite a small increase in patients aged 20-64 years (APC 0.6; 95% CI 0.1-1.1). In addition, the percentage of patients with one, two, or three or more co-morbidities at the onset of RRT remained stable (data not shown).
The 5-year and 10-year trends in the prevalence of comorbidities showed similar results (Supplementary data, Table S1 ).
D I S C U S S I O N
In this study of patients who started RRT in the period between 2005 and 2014 in Europe, we found a high overall prevalence of co-morbidities: in 2014, 70% of the patients had at least one comorbidity at the onset of RRT. DM (PRD and/or co-morbidity) was the most prevalent co-morbidity overall, in all countries, in both men and women and in all age groups. Co-morbidities were more common in men than in women, in older patients when compared with younger patients, and in patients on HD when compared with patients on PD at Day 91 after the initiation of RRT. Furthermore, we observed increasing trends in the prevalence of DM (co-morbidity only) and malignancy, while the prevalence of cardiovascular diseases, including IHD, PVD and CVD, decreased in several subgroups. The prevalence of co-morbidities in patients starting RRT has been provided previously in an international setting within Europe [7] reporting data on patients commencing RRT in Austria, Spain (Catalonia), Lombardy (Italy), Norway and the UK (England/Wales) between 1995 and 2000. In the previous study the prevalence was lower for DM (PRD and/or co-morbidity), 28% versus 40% in the current study, for DM (co-morbidity only), 8% versus 16%, and for malignancy, 11% versus 16%, whereas the prevalence was similar for IHD, 23% versus 25% and CVD, 14% versus 16%, and higher in case of PVD, 24% versus 18% [12] . The results for the period 1995-2000 suggest that the rise in the prevalence of DM and malignancy and the decrease in the prevalence of PVD demonstrated in the current study may already have started in the 1990s.
A more recent study [12] performed in France showed a similar prevalence of DM (43%), IHD (27%) and PVD (20%), a lower prevalence of CVD (11%) and malignancy (11%), and a higher prevalence of CHF (27%) for the year 2014 than the current study. In addition, this French study confirmed the increasing trend in the prevalence of DM and malignancy, the reduction in PVD, and the stable rates for CVD and CHF. Although our data showed a decreasing prevalence of IHD, in France the prevalence remained stable during the study period.
The most recent report from the ERA-EDTA Registry [10] showed that after adjustment for age and PRD, women starting RRT had a better 5-year survival than men. Our findings show that this may partly be explained by lower co-morbidity burden among women when initiating RRT. Moreover, our study shows that patients with one or more co-morbidities were less likely to commence RRT with PD or kidney transplantation, which is in line with earlier reports [5] [6] [7] .
It is remarkable that the increase of the prevalence of DM (PRD and/or co-morbidity) over the 10-year study period was solely due to an increasing prevalence of patients with DM as co-morbidity, as the prevalence of DM as PRD remained stable over time. This stable prevalence of DM as PRD is in agreement with previous studies showing that both in Europe [9] and in the USA [13] the incidence of RRT for ESRD due to DM has stabilized, and even started to decrease, despite a rising prevalence of DM in the general population [14] . We cannot readily explain the increasing prevalence of patients with DM as comorbidity. However, improved overall management of diabetes [15, 16] , with an increased use of antihypertensive agents, better control of dyslipidaemia with statins and better glycaemic control with glucose-lowering medications may have resulted in fewer DM patients developing ESRD caused by their DM and thus developing ESRD due to another PRD with DM as a comorbidity. Alternatively, it could be due to the difficult assignment of the PRD in DM patients (i.e. no biopsy to confirm DM as PRD). The decreasing prevalence of IHD and PVD among most of the subgroups and for CVD among males are consistent with the decreasing prevalence of cardiovascular disease in the general population in most European countries [17] . This may be explained by advances in the prevention, diagnosis and treatment of the most common cardiovascular conditions [18] . An example of successful prevention is the prevalence of tobacco smoking, which has decreased in most Western European countries according to reports from the WHO [19] .
Moreover, better management of diabetes [15, 16] may have improved the cardiovascular prognosis of patients with diabetes. In addition, the more intensive management of cardiovascular risk factors (both in diabetics and non-diabetics) [20] may have reduced the prevalence of cardiovascular diseases. The drop in cardiovascular conditions is also in line with changes in the mortality of RRT patients in recent years. A recent Japanese study [21] showed that although cardiovascular diseases such as heart failure, cerebrovascular disorders, myocardial infarction, hyperkalaemia/sudden death and pulmonary thromboembolism are still the most frequent causes of death in the RRT population in Japan, their occurrence has been falling over the last two decades.
The rise in the prevalence of malignancy is also consistent with the increasing incidence of malignancy in the general population [22] . Furthermore, this increase among patients starting RRT may also be associated with changes in the acceptance criteria for initiating RRT. A previous study showed that patients with malignancy as co-morbidity are less likely to receive PD than patients without this condition [5] . Our results, however, do show a rise in the prevalence of malignancy among PD patients.
This study has important strengths. First, we were able to use data on co-morbidities from a large number of patients from 11 different European countries and regions. The data was derived from large renal registries with a high degree of quality control. Second, as we used data sets that were collected annually we were able to analyse trends over time for the prevalence of each co-morbidity. To the best of our knowledge, this study is the first to report these trends in an international setting.
Our study, however, also has some limitations. The study focuses on the co-morbidities that were collected by most of the renal registries providing data to the ERA-EDTA Registry. However, it should be noted that other co-morbidities might be relevant as well, such as arrhythmias [23] , liver disease [24] and cognitive impairment [25] . In addition, there were small differences in the applied definitions among the participating registries (Appendix 1). These differences may have resulted in higher or lower rates of co-morbidities due to the inclusion or exclusion of specific diseases. Moreover, the way the data were collected might be different between and within countries. For most of the registries, it was possible to distinguish between 'no co-morbidity' or 'missing data on co-morbidity', with the exception of Norway (only for DM and malignancy), Spain (Aragon and Galicia) and Sweden. In these cases, all patients without co-morbidity data were considered to have no comorbidity, which may have resulted in an underestimation of co-morbidity rates. These limitations may lead to difficulties in performing comparisons between regions or countries. Finally, 10-year trends were calculated using only data from three Scandinavian countries and the Spanish region of Catalonia. Although this may have biased the results, sensitivity analyses using 5-year data showed similar trends for these and other countries. Nevertheless, as this study is based on data from 11 European countries and regions, the results may not be generalizable to other countries or regions in Europe. In conclusion, more than two-thirds of patients commencing RRT in Europe have at least one co-morbidity. The co-morbidity pattern changed over time. The prevalence of DM and malignancy increased over the last decade, whilst the prevalence of cardiovascular co-morbidities decreased. Further studies are needed to investigate the effects of these changes on patient outcomes.
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